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ABSTRACT 


The objective of this thesis is to obtain a 
comparative analysis of various combinations of column 
configurations for a mobile column stabilized platform. 
The platform is a deep draft vessel consisting of two 
Mengitudinally oriented, cylindrical hulls To each 
hull two vertical columns are attached which pierce the 
surface of the water. The upper ends of the columns are 
attached to a platform well above the waterline. The 
platform may provide added performance capabilities in 
comparison with a standard displacement vessel. The 
mobile column stabilized platform is not without its 
problems, however, and this experimental and analytical 
Study provides an analysis of some of these problems. 


The resistance characteristics were studied with 
the use of a model in the M.I.T. Department of Naval 
Architecture and Marine Engineering Ship Model Towing 
Tank, A correlation of the data with theory was attempted 
to obtain interference resistance between the columns, 
The effect of transverse and longitudinal spacing of the 
columns, draft, and shape of the columns was investigated 
and correlation with theory was attempted, The results 
indicated the parameters of longitudinal spacing and 
velocity have the most significant effect on interference 
resistance, 


The resistance characteristics of the model are 
compared with a standard hull form. The constraints 
imposed by stability and strength requirements on the 
column shape and size are theoretically calculated, 
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NOMENCLATURE 


eee 


Aued 

Distance Between Center of Buoyancy and Metacenter 
Transverse Spacing Between Column Centers 
Interference Drag Coefficient of Columns With the 


Hulls 


-~ Interference Drag Coefficient of Columns 


=> 


Section Drag Coefficient of Columns 

Wave and Spray race COSCLiVerene 

Friction Drag Cockiicient 

Friction and Form Drag Coefficient of Hulls 
Inertia Coefficient 

Residual Drag Coefficient 

Diameter of Lower Hull 

Total Drag of Columns 

Friction and Form Drag of Lower Hulls 
Interference Drag Between Columns and Lower Hulls 
Interference Drag Between Columns | 
Section Drag of Columns 

Wave and Spray Drag of the Columns 
Wave Drag of the Hull 

Young's Modulus of Elasticity 
Effective Horsépower ; 

Column Froude Number - V/Ng LU ¢ 
Hull Froude Number - VIVgCu 


Inertial Wave Force 


Transverse Metacentric Height 


~@ 


Wave Height 





m 


Distance From Top of Lower Hull to Waterline 
Sank Canes Wavye. Hom cinis 
Moment of Inertia 


co 


Radius of Gyration 

Center of Beersnee Above Keel 

Center of Gravity Above Keel 

Length 

oneeeee ane Spacing Between Column Centers 
Length of Lower Hulls 

Horizontal Length of Columns Fore and Aft 
PEesesure 

Propulsive Coefficient 

Radiuceor  CUrvVatunse 

Reynolds Number, VL/) 

Thickness 

Particle Velocity 

Velocity 

Horizontal Distance , 
Distance Below Waterline 

Displacement 

Volumetric Displacement 


V214/~ 


Stress Allowed 
Bending Stress 
Compressive Stress 


Critical Stress 


Density 


‘Wave Length “ 


Kinematic Viscosity 





I, INTRODUCTION 


a ee 


ia recent years the oil industry has shown an 
increasing amount of interest in mobile drilling 
platforms. The primary requirement Eor oil drilling 
is a nearly motionless working platform, However, the 
water depths of new drilling sites have made prohibitive . 
a stationary platform resting on the ocean floor, The 
most promising type of floating vessel for meeting this 
requirement is the column stabilized platform. The 
‘platforms in use consist of parallel longitudinal hulls 
or See with columns extending upward and attached to 
an upper platform. Presently they are towed to the 
drilling site and Onecr 

Recently, two studies were conducted on designs 
that were similar to the floating oil rigs, but provided 
increased mobility. References 6 and 13 present the 
results of these studies on the SEMCAT and TRISEC designs. 
Both designs employed two submerged hulls with columns 
connecting the hulls to a platform above the surface, 

A moprile plabtrorm with little motion in high 
Seas is certainly desireable. Therefore, the following 
questions arise. Is the concept to he confined to the 
oil industry, or can it be applied to other missions? 
If there are other applications, can the job be better 
performed with the column stabilized mobile platform 
than the present system or systems in use? A study of 


this design is necessary to answer these questions, 





The configuration to be studied in this paper is 
Similar to the final design considered for the MOHOLE 
project... The. deep dralet een consists of two stream- 
lined bodies of revolution. Attached to the submerged 
hulls are vertical columns that pierce the surface of the 
water and are connected to a platform well above the 
water's surface, The desireable performance objectives 
that may be achieved with this configuration are: 

a) Freedoin to incorporate large Gecks above the 
Set ST LINE without imposing large resistance 
penalties, 

b) Potential ability to obtain higher rough water 
speeds than conventional ships, 

c) Ability to lower and raise heavy loads at sea 
between the hulls without subjecting the vessel 
to large heel angles. 

d) Low motion characteristics with smaller response 
to wave excitations than conventional hull forms. 

e) Ability to position the platform vertically to 
give optimum work height above the water for the 
existing sea state, 

The design of a column stabilized platform is 

‘primarily a problem of obtaining a balance between four 

conflicting factors. These are seth ASP, structural 

strength, wave motion, and resistance. In the search 
for an optimum value for one of the above factors, it 
may not be possible to achieve satisfactory values for 


the other variables. For example, a smaller column 


- JO —~ : 





section area will lower resistance and reduce pitch and 
heave motions. At the same time, stability will be 
decreased by lowering the center of buoyancy and 
decreasing the moment of inertia of the waterplane area, 
Structural strength ee becomes more of a problem, 

This study is primarily concerned with the resistance 
characteristics of the design. The columns are streamlined 
to reduce the underwater resistance, Interference effects 
of resistance between bodies, moving through a mediun, 
has been studied in the aerodynamic field. Studies in 
hydrodynamics attaining conclusive results have been limited 
to single bodies, The effect on the drag characteristics 
of, varying the following parameters will be studied: 

a) Transverse spacing 

b) Longitudinal spacing 

c) Submergence ratio 
; ad) Column section shape 
Because Of their importance, the constraints imposed by 


structural and stability requirements are also determined, 





IL. RESISTANCE 


ien DESCEIpeCiOn Of —ehe medel and dynamometer 

The model with six Combinations on ysuieeace pleted 
columns was tested in the M,I.T. Ship Model Towing Tank. 
The plans of the model are shown in Figures I and II on 
the following pages. The various coluran shapes are 
described in Figure III. Each column is twenty one 
inches long at the center. The lower edge of the colum 
is shaped to conform tO ie (OUCEr ween ace Of (Ene onc 
hedis, 

The lower hulls and columns were finished from 
pinewood. The shapes were coated with marine paint and 
final smoothness of the surface was obtained by application 
of a rubbing compound. A pegboard material was used for 
the platform deck in order to facilitate the movement of the 


columns transversely. The holes allow for extension of 


=~ 


* 


a rod through the board for attaching the colums. The 
pegboard is firmly attached to the frame ae the platform. 
A strut with three 1/4" holes allowing attachment of the 
platform to the hydrofoil dynamometer is located in the 
center of the platform. 

Steel braces are also attached between the upper 
platform and the upper’ ends of the column. Attachment 
of the lower hulls is accomplished by running a twenty 
four inch rod through the center of the columns. The rod 
is then screwed into the hulls and the other end attached 


to the pegboard, 
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FIGURE IT -COLUMN SHAPES 
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Reference (5) describes the dynamometer used to 
measure the drag forces, It was originally thought to 
measure the resistance by means of a towing bar or cable 
attached to the platform, The configuration of the model 
presented a problem when using this method. The large 
moment that results from the large vertical distance 
between the center of the drag forces and the point of 
aoplving the pulling sorce created aysupstameia., ovo. 
in the measurement of the resistance forces. To eliminate 
this problem the model must be towed at the point where 
the resultant drag force acts or a measuring apparatus 
must be used that eliminates the moment error to the drag 
reading. 

The £irst method would require that the measuring 
apparatus he submerged, This might result in an 
undesireable interference drag between it and the model. 
Hence the second method was adopted. 

The only measuring device available at M.I.T. 
that substantially reduces the error from the moment 
is the hydrofoil dynamometer. As shown in figure IV 
on the following page, the drag flexures on the dynamometer 
are mounted a large distance from the center of the 
dynamometer structure, This reduces the forces felt due 
to the large moment at the center. Reference (5) gives 
results confirming that the effect of the moment on the 
Measurements may be neglected, 

One problem that does exist with the nydrofoil 
dynamometer is the error on the measurement due to carriage 
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oscillations. Two dampers were attached to the dynamometer 
to eliminate added drag counts: resulting from oscillations 
in the towing carriage. The dynamometer was calibrated 
Prior to each set of 2uns,. Thevesvacemec Goleman e 
throughout the testing. 

With the model firmly attached to the carriage the 
desired drafts were obtained by raising or lowering the 
water level in the tank. The depth of water to the top 
o£ the lower hulls was varied between 9, 12, and 17.75 
inches. Runs were made at speeds of 163, ° 2706 21, 
and 4.97 knots. Photocells were used to determine exact 
times for completion of each run. Tests were conducted 
with the transverse distances between column centers set 
at 15, 18, and 21 inches, and with the longitudinal 
Spacing between column centers set to give L/t, values 
of 2.0, 3.0, and 5.0. Results of the towing tests are 


presented in Section II-3. 
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The total drag of the model was divided anto the 


£ollLovingeeonvonene. - 


(1) Section drag of the columns, Dy, 


(2) Hull frictional and feumeaaraq ay. 


(3) Wave drag from the hull, Dy 


(4) Wave drag and spray drag of the columns, Dm 


(5) Interference drag between the columns and 


the lower hulls, D 


L 


(6) Interference drag between the columns, Dyyp 


(7) Total column drag, Do = Do + Dp + Dy + Dopp 


The procedure to determine the interference drag 


Beuween cCheecolumns iS outlined in the following steps: 


(1) The hull frictional drag was determined by 


first finding the frictionseoce:teienemeor 


the hull: 


C. = 207 57 (lec Ren Cie) 
Where Re = Reynolds Number, VL/) 
Then using equation (9.2) of ref. (12) 
to obtain the frictional plus form drag: 

Cy = Ce [ 1+1/2 (D/L,,) + 6(D/t,,)” |] (EE 
Where D = hull diameter and L,, = hull 
length... The hulle teteraena ana form 
resistance was obtained, using Ci and 


wetted surface area of the hulls, 


(2) The hull wave drag was computed using figure 


OB2 Of -rel eal 2) ee omc racea a a function of 


Froude number and submergence ratio. 


= oa 





(3) The sum of the results of steps (1) and (2) 


(4 


are subtracted from the measured total drag, 
and the difference is plotted as total column 
drag in figures V threugi., aseaetune sec 1se. 
submergence ratio, If a line is extended 
through these points to a submergence ratio 
equal to zero, the reading will be the jtoval 
column drag, D, minus the column section drag 


c 
Do, OF Da~Do = Dp + Dy + Ding. 
The theoretical wave and spray drag, Dm, 
of the columns, based on column thickness, is 
obtained from figure 24 of ref, (10). The 
drag for the hull-column interaction, Dis is 
obtained using equation 12 on page 8-10 in ref. 
(10), which is also based on column thickness, 
The sum of these two drag components subtracted 
from Da-Do obtained in the previous step’ is the 


column interference drag, Diyp, Which is the 


sought for result, 


SG 





SNe Presentation of Results 

Table I in this section is @ summary of the data 
extracted oe results of the towing tests for evaluation 
of the concept. All data was recorded on the digitai 
counter at the M.1.2. Ship Model to wie eianles 

Figures V to X present the total resistance of the 
columns as a function of the submergence ratio, h/D 
where h is the distance between the upper edge of the 
lower hull and the waterline and D is the diameter of 
the lower hulls. The column resistance was obtained as 
explained in the preceding section, The lines shown in 
figures V through X connect the values of total column 
drag of each column shape. The values of total colum 
resistance less the section drag of the columns correspond 
to the point where the lines representing column resistance 
Smocs Zero submergence. These values of drag, as welleasc 
D and D are tabulated 


et i By wi ba 
in Table II and Table III of this section, Table II shows 


the calculated values of D 


the results for five of the column shapes and for an L/L, = 
5.0. The graphical presentation of the results tabulated 
my fable Ti may be seen in figure XI for columns A, B, Cc, 
and F, Table III and figure XII show similar results 

for an L/L, = 3.0. Table IV and@ figure Xtiii Ssiepenoy 

the total model drag is distributed among; the various 

drag components for column shape B at h/D = 1.5 and 


Lec = 5,0, 
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TABLE I 


SUMMARY OF RESISTANCE DATA 


Rune Codlimn Longitu— Transverse Distance Velocity sierad 
None CeCLION dinal Spacing between | aoe Mea~ 
Shape Spacing between Waterline ft./sec. sured 
(see fig. between Columns,b, and Lower Drag, 
Teale) Columns,/, in inches Hulls,h, Ios 
a... Laine pes Lec nes 
1 A 2a 21 PE pe. eos OF F318, 
2 A BS 21 iL ais S004 M630) 
3 A Ine OAAN eS Deo Chee, 
4 A 25 Pan lige, (2 8.420 15 260. 
, A 2 18 i 5 eo 3 2 0.802 
6 A 29 18 iWige 1 Se 505 1.94 
7 A 25 co Need Seoul) 4,050 
8 A 25 18 se a Be, Sh ISI, Sole 
S A 25 15S - Valent eo O27 20 
10 A 2D 15 Vad SD 3.506 1990 
li A ae, TS, les D Speci, 4.050 
LZ A 29 15 liad Smo 2 Sat 168: 
1) A 25 las, TZ eO0.. ao 2 0.720 
14 A 25 ie 12,300 34,06 1ZeL0 
iL; A 20 eS 12%00 2) (eSh8, 4.230 
16 A Ze Vs £24-0)0 8.442 o.0350 
17 A ZS 18 2200 (ES) es Ol aars: 
18 A Zo its: ae 818) SA olOKs: Vat 20 
EO A ZS 18 12.00 DOIN, 4.140 
20 A ea) 18 zs) 8.448 315 Uae: 
ZL. A Page, 21 ee OO leo 2 0.649 
22 A 25 24 Zr) Sy 20c O26 
23 A 25 Zu le OD Sensi. Seo 
24 A Z5 ox i200 Tags GF 2278. 
25 A XS) aA eo) eas 2 0.684 
26 A 25 21 2,00 eel els) 1./05 
27 A 23 2 00 3), SS 4.330 
28 A Pe) Pa Me 2.00 8.442 TOC 
Zo A Zo 18 21-100 eos 2 ONS PA) 
30 A 25 18 2) (0)8) Sh SONS) bE She, 
3) A 25 iS Ss) 1010) Oo) 4.560 
32 A 25 18 9.00 8.447 dO 
53 A Zo 15 Soe 1.932 0.587 
34 A 25 iL 9.00 Shy 0) Ae 2G) 
Che) A 25 15 200 See as) 4.840 
36 A 


oS) 


20 ap sles) 2200 8.420 Fede OO) © 





Run Column Longitu- Transverse Distance Velocity, Total 


no, Section dinal Spacing between Nea s Measu- 
Shape Spacing between Waterline ft./fsec. red 
(see fia, between Columns,b, and Lower Drag, 
TIT) Columns,@%, in inches Hulls,h, lbs. 
= rede eS: in inches 
e7 E 25 21 9,00 13932 4.790 
38 E ZS Zl 9,00 APS 4.050 
39 E DAS. 21 9,00 Lee oe bs) 6, 
40 E 25 2 G 200 3568 14.80 
41 E 25 ve 9.00 3507, APS sho 
42 E 25 all oOo 3200 14.70 
43 E 25 17 S208 1.932 oe ioe 
44 E 25 17 9700 1932 D.aZe 
a5 E INS Le S200 L3932 5.430 
46 E 25 7 3 18,8. S506 Leche 
47 E 2s 17 9206 32508 15630 
48 E 25 17 9,00 3.4..508 17230 
49 E 25 17 SI OA6 52623 29—_ 60 
50 E 25 17 12,00 A bepe 51S) 2 6220 
Syl E 25 iy 12.00 i 5)! 7/ Loses 
D2 E 25 2K 12.08 LeoaZ ss 0, 
53 E 25 FasL 12.08 32509 aR erase) 
54 E 25 21 Lis/> Ie oeZ US 
Sys) C IES: eS LT e232 0,804 
56 C IAS LS LTS S250 2, cau 
57 C 25 15 LIS SF 5) o) // 4,610 
58 C 25 15 ar (os) 3) SANS S: o2 709 
59 c 25 18 Le LSe2 O.Sisa 
60 & 23 is: Lia 35505 2.442 
61 C 25 18 Lisi Se 3S) 7) “a7 (8, 
62 C 25 ARS: EAS Daya One 
63 E 25 2a 17 aie 1932 0, Sim 
64 c 25 21 Le 3.002 2.482 
65 C 25 2a ay Ps: 5262s 4,660 
66 GC 25 ZEA View S220) 9.570 
67 & 25 21 12.00 1.932 Om 25 
68 6 25 21 Zoe 32006 2.141 
69 C 25 2) 12.00 ays oi! 4.680 
70 C 25 Zi 12,00 a Ge 82/760 
val c 22 18 P2400 lege 0.709 
72 € 25 18 £2206 S2008 PAO! S 
73 Cc 25 18 V2 OU BIAS St 4,510 
74 c 25 18 OO Sle 8.650 


SoD aime 





Rum, Codunna Longitu- Transverse Distance ) Velocity st a 
No. Section dinal Spacing between imei Mea- 
Shape Spacing between Waterline ft./fsec. sured 
(see fig. between Columns,b, and Lower Drag, 
aL LI), Columns,f, in inches Hulls,h, lbs. 
a i gic Sie an ipenes 
5 6: 25 HB 12.00 den SZ O57C2 
7.6 C Zo 1S 12,00 By SIONS: Zocor 
77 @ 25 ie) 12700 Spero) 4.670 
78 Cc 2 1s 12.010 8.549 Ge 580 
US c 22 ie S200 eae 0,584 
80 C 2 125 9.00 3205 2.140 
81 Cc Zo 15 SIAIOE) > Ole5 4.850 
82 C 25 15 9,00 8,549 Qi 50 
83 C Zo 18 9,00 Pas 2 O16 23g 
84 c 25 18 oF.00 Sa0035 1.978 
e5 c 20 18 9200 SP ONS: 4.760 
86 C fas, 18 9,00 8.408 8.500 
87 C ZS rz 9200 Laos2 0,608 
88 C es. 21 o200 eo) Os, Quel 1D 
89 c 25 EMS, o200 5.688 4.920 
90 C 25 Zu 9,09 SeisZ> Grey 160 
91 B 25 aie) o,00 NEA SG 0,600 
a2 B 25 ss. O00: 5.208 tle eys 
SNe: B Ze 1 9.00 5.690 4.480 
94 B 25 iD 9.00 8.410 Sel 25 
‘Qs B 25 18 9.00 lig S 2 0.602 
96 B 235 18 Smo 3.508 1685 
7 B Zo 18 9.00 ero) SAG, 46025 
98 B Zo 18 9.00 8.420 8.000 
28 B Ee, eal) 9.00 LaoSZ OB69s 
100 B PAS, Za 9.00 3.508 Ie 2 
101 B Ze 21 9200 yO IO 4.325 
102 B we 21 2.00 8.410 73260 
103 B 25 Pal 12.00 eS 2 0.740 
104 B Ze 21 V2, 00 8.0908 luaQO'> 
1h0'5 B Zo Zi 12000 2670 4.070 
mOG B Zo Zk 12,00 8.410 7,450 
107 B 25 18 12,00 ihe Sie Ore Om 
108 B Zo ns. Zao 3.508 laa 
ju 9 B Ia) 18 12.00 2 90 Se) Ol, 
110 B 25 18 Zo 8.408 1200 
111 B Pa) if 12.00 eae 0.700 
ie 2 B 22 Ales, 12.00 33008 URLS SS. 
eS B 25 Ibs: 12.00 5.690 3.940 
114 B 2 AES. 12.00 8.408 Tog? DO 





Column 





Run Longitu~ Transverse Distance  Velvoci2 7 lena 
No. Section dinal Syeere inte) between V je Mea- 
Shape Spacing between Waterline ft,/sec. sured 
(see fig. between Columns,b, and Lower Drag, 
it) Columns, /, in inches adie las Ios 
a in inches 2) A menes — 
1S B 25 1 LS Le S 32 Oi 
eG B 25 1 Ligio Ee Sls) 2.040 
117 B BS Ue, Ll dee] D Bye eT Sh9) 3.740 
116 B 25 nS Ly 8.408 Serpe) o) 
ST AS) B 25 18 Ly is Lowe OGe55 
1 Aw, B 25 18 Lie S Bin SO}e) rape Ake) 
121 B 25 18 ie Do 0 Bir eNO) 
az 2 B Zo 18 1 i ee 8.408 pode LS) 0) 
12.3 B 2 Zi Le in Sie 0.894 
124 B Ze al Ley eae 82508 Wares lie, 
125 B 25 21 Lige/5 ae (59)6) 4.020 
126 B 7s, 21 i 8.408 Sigea0 
2/ D Zz 15 Liu > Lagos 26440 
128 D ~ 25 Mie, Liew? SD S2008 ~“62905 
a9 D 25 15 1 Par mmo 70 S290 
es 0 D 25 als. Limi 8.408 234900 
3) D 25 18 Lilia: Leg 3 2 2.456 
mS 2 D 25 18 Gy S 340200 Wer e768 
BS 3 D 25 eS Ler D1 pons ne es bak 
134 D 20 18 Bley) Palas) 8.408 22.400 
1S 5 D 25 21 li#75 Lsgs2 Z2e322 
136 D 25 7a a PE S008 7.660 
es / D 2 21 Lies Sees 218) Soe ee 
136 D 2D 21 eas 8.408 20.400 
39 D 25 21 LZ2.00 SS oi Lewioe 
140 D 2 21 12500 oe Sts: 6 LOS 
141 D 25 21 2a By a) 218) Soro 
142 D 25 21 Boe 918) 8.408 16,000 
143 D ZO 18 12.00 im 932 Lear 
144 D Zo lie: 12.00 Se US orl oO. 
145 D 25 bis. 12.00 Beh) 8.080 
146 D 25 18 2200 8.408 L6¢310 
147 D IAS, > 12,00 1.932 1.740 
148 D Zz 15 12700 3m 203 626 
149 D 25 15 12200 5.690 9.140 
FS O D 243, i> 12.00 14.000 


= Oe 


$.408 





Run Column Longitu- Transverse Distance Velocity, Total 








No. Section dinal Spacang between Vly Mea- 
Shape Spacing between Waterline £ft./sec. sured 
(see fig. between Columns,b, and Lower Drag, 

ILIE AL); Columns, Z, in 2 nCheowe oO) lar lbs. 
in, tnehes _ in inches 

io L D 25 15 S200 2.932 1.495 

ie 2 D 25 iS 9.00 3.502 4,945 

5 3 D 25 i 9.00 5.690 7,250 

154 D 25 iE: 9.00 8,408 i3.700 

155 D 25 18 9.00 1.932 1.498 

156 D 25 18 se) LONG, 32508 Saez od 

157 D 25 18 9,00 5.690 Taos0 

158 D 25 1s) S200 8.408 Loe ow 

Shy, D ILS 21 S200 io Sie BER SS) = 

160 D 25 Zi 9.00 S206 5.400 

161 D IS. 21 200 >. 690 8,000 

162 D 25 21 9200 8.408 13.540 

163 A 15 19. Ws ho 1.932 1.149 

164 A 3 HES dees) 5 S209 24s 

eS A ib 15 Lige1 O 5.609 -4€970 

166 A des 18 Li. 14.932 seecras 

167 A ies, re BLT 5 3) 3.509 2520 

168 A 15 18 Wy eae es) 52690 4.910 

169 A 15 21 Lideed SD 1832 1.100 

170 A ISS 21 dite O S16, SONS, 25200 

171 A 15 21 LD bes 4.640 

172 A iLs 21 eee Oo. I 932 0.926 

ey 3 A is. PAA 12.00 32509 ib ehh 

174 A 15 21 12.00 5.690 4.730 

IL 7s) A ibs) 21 122.00 8.198 8. 340 

176 A ih) 18 i200 1.932 13050 

ay / A iis 18 12 ONS, Seo09 2.040 

178 A i 18 22.00 5.090 4.890 

179 A ILS) 18 Bs (OO) Sag 86630 

180 A 15 1S 12.00 932 1.040 

181 A iS 15 eee S2509 2.019 

182 A iS ales. 1b A Cle Se o0 Sy EO) 

2S 3 A 15 LS ooo gs) 1.100 

184 A 15 ales. 2200 3.509 Zag) 30 

185 A iS iL 2.00 be 609 4.325 

186 A 15 ibs 9.00 8.198 7.84 


a oie 





Run Column Longitu-— Transverse Distance Velocity, siocam 
No, Section Ginal Spacing between Vea Mea- 

Shape Spacing between Waterline ft./fsec. sured 

(see Elgg s beeween Columns,b, and Lower Drag. 

Te tees) Columns, #4, in inches Hulls,h, lbs. 

= im anches in inches 
iS / A IS: 18 o.00 Leo siZ 1.089 
188 A 15 18 Slee. S509 Sis 
189 A 15 18 2 U0 2.000 5.370 
10 A ]5 1-8 92.00 8.141 82230 
isyab A 2D 21 92 O10 aoe 2 1.000 
1D 2 A 15 21 2200 3.509 1.914 
1 Ske A 15 21 9.00 Doss 5.260 
194 A 15 21 2200 8.460 7/90 
HES > B a, Zu Sea hG SZ OFecz 
196 B 15 21 9.00 Sind 09 Lee22 
197 B 15 21 2,00 De os 5. 290 
iL Shs B 15 21 9.00 7.600 Lg lZe 
NS B IES) 18 9.00 CP oi O)2, 2,000 
200 B 15 18 9.00 DoS eet) 
201 B ES 18 Sele, 8.460 pee oll |. 
202 B A) 1S) 2. 0Ck Cin S) Of) 1.780 
ZS B a r> SCTE, 3a 33 52425 
204 B Is) es, SEONG. 8.444 9.476 
ZO5 B i> 5 12.00 eo) 0) 2) 1.748 
206 B 1 ds) ZOO Dm 33 a ONS) 
207 B 1: ED 12.00 Sea06 10.450 
208 B 1S 18 12.00 S250 1,584 
209 B i> 18 120 52655 4.849 
210 B sles Ts 12,00 Seles 10.470 
2A B 15 21 12.00 IBS EY 0.788 
212 B 15 21 12.00 Co Ee) 2.160 
213 B 5 2 12.00 Sooo 5. 540 
214 e os: US L200 IDES) Ey Ope.ce 
215 G 15 ls) LEAR ENG, Sone 4.460 
26 é 1.3 1S 12200 56355 5.940 
2u/ c 1S 1D 12.00 8.449 LOSS 
218 & Lis) 18 12200 3228 0 Sig1 95 
219 E PS 18 12,00 52605 7-000 
220 S 15 18 VW Pa 3, 8.449 ..U lee o 
22) C i Be 21 12.00 os 2 04970 
222 & iS 2a 12.00 Sol) 2.500 
223 c 15 eu 12.00 5.636 syste) 
224 G 15 21 12.00 Seoo2 10.630 





Run Column Longitu- Transverse Distance Velocity ora 
Nos Section dinal Spacing between Va Mea- 
Shape Spacing between Waterline ft,/sec. sured 
(see fig. between Columns,b, and Lower Drag, 
2 es Colums,f, in inches Hulis,h, lbs. 
1 Ae iene Sees ine ewenes _— 
225 6 Ws Zi. 1 ay as, 3,510 289382 
2256 c 16 21 Lie be oo6 6.120 
Z2/ C IRs, Zk lL haul 5 8.457 Loe ue 
228 e: Is 18 la WeD 129382 2657 
229 C Ns 18 LSID 32 SO Slt 
230 © 15 18 Lye75 beosS 6207.0 
234 C iS 21 Lie Eeeo2 0,991 
232 C ILS oa AES Si onli 9) 25718 
233 g 5 Zi i By nd Bs SES Cys 7.010 
234 D is: 15 UE ENT pos. 1 S13) 22750 
235 D HS if) Viet S Se 5L0 Sele 
ASS D 15 15 Dig 5 Bp sis Doig 2208.0. 
237 D us 18 Lier Lengo? 2.840 
238 D ih) 18 Liga 3250 8.100 
239 D Wes 18 Lio Seozo 123500 
240 D 15 18 12.00 1.932 1.561 
241 D LS 18 12200 BaoO 6.280 
242 D > 18 2200 535826 10.140 
243 D 165 21 P2800 Ihe, BIS 2.090 
244 D 15 Zu E2e00 2. e oe 
245 D BS 21 Ze 0 Sete O16) 1G a7 30 
246 D 15 21 9.00 1.932 1.570 
247 D LS Zi Sym O18) Se 510 5.090 
248 D 1S) 21 9.00 Seon 9.990 
249 D 15 ou S200 8.448 14.120 
250 D des. 18 9.00 ie Bley LeGes 
251 D iS 18 9,00 Sie eO 5 ee 
252 D LS 18 300 D055 LOL eo 
253 D 1.3) 18 2) 018) 8.448 Lowee® 
254 D ES Ls 9.00 1 Gey 1.812 
255 D a ies iS 9.00 Si Sie, ar ci, 
256 D 15 LS S300 S5Gl5 10.480 
2o/ D i5 IES 9.00 8.458 16.700 
258 F 22 ILS 9.00 1.932 OS9Z6 
259 F ZZ Bs 9,00 3—¢507 3.890 
260 F 22 15 Sue Sos 6.450 
21 F 22 ES 9.00 8.450 L1TGe0 


= 99° 








Run Column Longitu- Transverse Distance VelOCiGy ae lou a 
NGce cece on dinal Spacing between Ve eet) Mea- 
Shape Spacing between . Waterline ft./fsec. sured 
(see fig. between Columns,b, and Lower Drag, 
re) Colunns, Z, in inches Bulls iar Liss 
LHe ne Gar deel ee ae 
202 F Ze Se ES: 9,00 OS. 0,813 
Zo is Ze ite SIE IOME Cys) Ole: 38615 
264 F 22 18 9.00 SOS © 12670 
265 is ZZ 18 9200 8.444 21./00 
266 PF vac 2a 9.00 In 932 0.784 
LAS FE ee 21 9800 3.4508 3.830 
268 F 22 Fan 9200 DOD 65020 
Zoo F Ze Za 2) 818) Saecek 22.120 
270 FE 22 21 12,00 ave OL7 23 
PTAA F 22 Zu . nls \810 BS. 509 Se 3 
Zl 2 ig Zo eu Zee DOs 26 fou 
2/3 E 22 18 12.00 eos 2 1.040 
274 F Pies 18 1h 74 = 1610 Seo 0 45250 
Zi F Ze 18 T2300 IO os 6.380 
Z70 ¥ Z2 15 1200 3 '2 eu) 20 
211 re Sage les 12500 Sei09 4,090 
2/3 F Ze 4.5 1 FeO) Spa SiS he, 6.190 
Zo Ji 14 i 12.00 Peos7 0,605 
280 Y 14 ie. 22 eo S509 26599 
281 E 14 ube | 12.00 Sse 7e, 6.400 
Zag 1 14 ie 12.00 Pecos On eu 
253 E 14 18 2208 eo) eS 0). Papwaye) 8. 
284 2 14 18 iw) De OS) 62520 
Za. F 14 Za lia OS lg esle 2 OleGZ 
286 Ie 14 Fal ake ele 32209 2.940 
287 3 14 Za 18745, ONG, DOS) 6.460 
288 sah 14 FaM P2200 8.461 1 2a610 
239 2 14 15 9.00 eS 2 ENEAIG, 
290 1 14 Abe o200 oO PLETE SIO 
eo 1 14. We 9408 BRS ors. OveZu 
292 E 14 iS 30) 8.460 DB Be 20 
2 3 a 14 18 Se Ole LER SIC 0.772 
294 2 14 18 6 O18) Seo) 0 SnO22 
29> E 14 18 9,00 O35 6.900 
296 E 14 18 Soe) 85459 LOgss0 
297 F 14 21 9,00 1.932 0.818 
ZOOS F 14 ZX 2.00 Boo 2.700 
Z99 e 14 2 9,00 Deoso S20) 


Ome 





Run Colum 

No. Section 
Shape 
(see fig. 
TIL) 


304 


307 
308 


310 
oi 1 


OJ 
O 
Ov 
col col orl ice) (ee) tos /iech os imme: mies Meemnes 


Longitu- 
Ginal 
Spacing 
between 
Columns, Z, 


in inches 


Transverse 
Spacing 
between 
Columns, b, 
in inches 


BAL 
21 
21 
21 


2 Sie 





Distance Velocity, Total 


between Wir 808) Mea-- 
Waterline £t./fsec. sured 
and Lower Drag, 
Huds | a, lbs. 
Pie aes — 
Se O9. Woo Z O77 09 
5200 SeO 1.693 
2200 SOS) 5.060 
9.00 8.457 O20 
12.00 Pes Of 322 
L220) Sao. 0 he OZ 
IAA ON0, 5) 5 Se he, Se Sse 
io) Oet57 7.60 
ARTS Oo 053877 
Wy fe Se. © 2.020 
ey ee DOSS SoA 
Ey ara as. 8.433 9.000 





FIGURE V 


COTUMN DRAG FOR COLUMNS A 
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FIGURE yy 


TOTAL COT UMN ORAG FOR COTUMNS A,B, AND C AT A FROUDE NUMBER, For = 0.95 
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COT'MN DRAG FOR COTMMNS A,B, AND C AT A PROMDE NUMBER, Fo, 


tae 
& 


TOTAT 


oa 


a oe 


Aone tee et on 2 
‘i 
; 
o4e 
t ¢ 
i 
‘ c 
. { 
a 





Pan, ae Ai os 


a - —  eeecs 
' 
' 
; : 
‘ 
{ 
‘ 
; 
~ . fpoas 
> 
3 ° 
; (pts 
-n~4- +. ° @- 
' . 
' 
4 
ve 4 ar 
' 
i ry 
: 
al = ~  —s 
' 
. \ 
° 
. ) ¢ ahs 
‘ : 
‘ ’ 
, 
’ 


-~-§, ‘ 


=e 


oe tt ce et it te at ee 


+ ~ 








: > 
} ‘ 1 “+ | 
t {- ) oy fe ‘ 
4 . + + 
er | 4 - +e -- 2 . feweee -- 4 
. ' i “ ; | 
‘ t * . ; t . 4 . t ‘ 
| ‘ . 
’ { } 


| i 
' | 


LR 
| | | as vie ee NS 


Oe © ok ne we er a re Bee wn hm Oe Oe ee te we 
; 


a 


‘ 
Gis. legis a 
ry . 

4 


‘ t 

+ be we aes 
. ‘ 
‘ ' 


' 


eo Rede oe 


e@-+ee 9 


. 
‘ ° 1 
eo fe , 
. = a 
. - 
. ee 
- ® 
- ' 
e 
- 4 
. . 
‘ 
- ) 
) 
ene e+e @ 
i) s ' . 
- . 
i ' 


4 
é 


: 
‘. ee 
> 


ee wo ee 


H } q tere ng 
| s \< i a / 
ee a = ita Ss ry --{- ; 
[ee ie 
‘ ‘ ‘ ' ‘ ; i] 
are : -_ wae Ses \ 
FE) es : ee mine (oer oy yc mes : oe bee Bee 
i : \ ime 
\i ; 
a ene te ee er a eter rn OS = rt ae os ae eee 
; oe | So ae 
i weeps t aed, Oe 4 “et se iy, Be | a 
: pes 1 a it 4 } g \ 4 
; ; 4 ' ' 
1 edna sinensis et Re i eee AG: 
| | : ey Pest 


‘ 
eels eg mabe BN an a CY i. 
te ‘ + ' ’ : } 


fai, 


ee ow ee Her 
‘ 

















-¢ 
“ 


} 
} 


ee oo ey 


ERS Points Tine 


— ee ee a ~ Seal je 
. 5 8 . ‘ ; 
| | ¢ t 
= ee 4 
t ‘ 4 of | 
, - + t- - > wetoero eben se © se beoase 
| i t oie 
‘ ' $ 
CZ ( ' 4 4 ; 1 ons ’ : 
| ee a tee ¢ tree alec epee Se ey eee <--> —~ —> ow © @-ammd om ae da oe Ge ee ee ae eb eee ft — nd —o ¢ 
= ° $ te ' ‘ + 5 ' ’ 2 ' 
-_ | } } , e ; | } i 1 ‘ 
r ) j ; 4 ite 
. ’ . ‘ ' 
‘ 4- i ere Nivc faved Pal Pa ti. {-- ce ne eee 
a t t i { ' { i 
ioe i i , j ‘ i - i . - 
' ‘ “4 5 : ‘ 
‘ 5 4 } é i ‘ ‘ 
Learnt ah ee e on - ot Oe eh = ee eee ee ns a ee ee ed ae ee fe ee on GP o-—- -—- 
: 5 * . 
| ; ¥ : : 
ry ' t ‘ ' 4 
Nee 4 i tO ee ee 
‘ i] . 
t - . ¢ a. 
t ’ s ' ' 
‘ . : 1 { $ ' 
Set feo mete bie - -~ ts pment te ee ee ee eee oe em ree ae es 
‘ 
| 
4 Ske ==) oe a & -4. i; - 4 m= @2+ e+e 
{ j t t 4 t 
‘ } f ‘ { 
‘ I j < j 
. | ie bali See , 
> — = Ae 2 ee ~ ~ Ste ome tet dence ty ne eh nee Ae oe eee See ae ee ee ST oe ee © te ee be ee et =t a eee 
; t r ; { . . ‘ ‘ 
: 5 i. . b i i i ; . 
oy ' 
‘ 
: 4 ae se wer or oe, A ere es Gos een 


| U ‘4 
i] 


} 
tb en 0 ee oe pee th ce re fe 


i } 


cee eh ore 









co 


tf 


‘ 

| 

~~ > 
t rs) ae 
oe 





‘ a“ 
i SUNG = WU; | 

:. a PE Oe oe ae: 
* ae ‘ ' " +f oe ot. “4 
J pesetbee site mad st FEVER ae gion 
eee ee ae 1° J 


Solid 





pe 


—— as ——- — 


Ctr. Net 


Ca 


Clear 


25 
10 


15 
Letter desirnates Celumn sha 


. 
te ae ty ee 
4 . . 








. 
- a= 
«a 


’ 
‘> 
eo - 
+. 
o- ° ore . 
aoe at tte do ot te, 


ae 


nes fe 


-¢ = =p 
’ * 
? ee 
. . . ~dee . 
pa a pet ee Ce te 


' . 

eof oo Mijos =t : 
q ae 
! ' ." 
: 
} ' 

a free eye a er 
a 









33 = 





VIII 


FOPAT COTIMIN DRAG FOR COTUMNS 4B) AND'C AT A FROMNR NINIB 
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Column Potal Froude way cane Interference DatDy; Interference 
Shape Mea- Number, Spray Drag Drag in Drag between 

sured Fo Coetlicien] CoceEtc lem] elder, Columns Done 
Drag, Cop of Columns in Lbs: 
lbs. with Hulls, 
Se See 
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TABLE LEE 


COLUMN INTERFERENCE DRAG FOR bli = 3,0 


Column Shape Change in Drag Total Measured Froude Number, 


From £/Lo =540 Drag Fa 
A 0.200 0.2698 0.526 | 
A 0.200 0.840 0.955 
B 0 ee 0.355 0.955 
C 0.450 0.945 0.955 
F ~0.050 0.014 0.421 
F -1.000 ~0,591 0.763 
A 1.540 3.214 1.545 
B 1.735 3.213 1.545 
C 1.905 3,385 1.545 
F 0.400 1.760 1.350 
A 0.300 2.646 2.280 
B 2.050 4.230 2.280 
C 1.600 3.480 2.280 
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TABLE IV 


DRAG COMPONENTS 


Run Number 
welocity, £t./sec. 
Poi Drag, Lbs, 
Column Drag, lbs. 
Wave Drag, lbs, 


micerLerence Drag, 
lbs, 


foual of Theoretical 
Selculated Drag, lbs. 


Measured Drag, lbs. 


5 


dS 32 
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Oe 2 6 
0,218 


OOS 


0,549 


0,602 








Big Oe 


4.525 


he! 


8.420 
3,340 
Lei Le 


0.890 


0,840 


615/80 


sa elele 





XIVJ 


FIGURE 

















C9 cee a) ee 


4 
2b es 





. 

2 
Ce 

. » ° 


a. 
po ae 


BETWEEN COLUMNS | 





ere tere 


- 





: 
| 
| 
| 


e 
-_—<] —- =< 
ee- 

i 





ie ‘ 
ee we tt oe 4 ee hee +o 


tante bo wae 


I 

' 

Lies: eenieve 
‘ ir ‘ ie 
La 


t 


N TA 





Tah ay. 


. Py [ue J 
ee ee ee ee tte o- ane 
yee . 





- 
"a 
- 


‘ 
t 
i] 





| 


~* 2 o@- -- Pay 
- me ee = ee ee ee Oe ee 
. os ’ 


@aeorgons 


COLUUN & 


FROM 





7a ed 


INTERPERENCE 
INTERSECTION O! 


i AND SPRAY 


uYT 


IRYERFERE HCE: fae 


OL UP VS teh 
COU WeER HVLige 





en 
4 
pA 


li¢ 





we S— 
\ 


en ee ee 
é ‘ 


FORM 
ii 


| 


. ° 
’ 
e 
- + 
e. 
° . 
* eae eR 
° 
ete © o- 
: ' 
' 
- . 
ae -- —@ 


= 
¢ | t 
} } ! | 
¢ eocee @  € © 8 Ree 50 a w= ore 
Yj 4 } ° 
t { t { : : i fe ‘ 
— ' . 4 ‘ . . f ' t t 
ey pa ee te fe et te een ew PP pe a eg Pe ete om One eine tees 
etal rte | aes a 
tr} | ees Sk 
aw ; ‘ } i ‘ ° ° } } -f 
Aine POU PPT 
Cc f . oe , } 1 1 fe 
{ : ‘ r . ‘ : ’ 4 } t. ‘ 
~ i i 4 t Soke i. ’ “4 t - 4 
_ . } . ees ‘ + i i ‘ 
ee Fe Ee en erent apentermee pete fpr arn epee * Gem wontons obeintnen ee datenentuan hp = enntnpaen mse 
- . . } - ' 4 e- 
‘ | ' . 
‘<— ‘ i 9 { i a] “4 * 
; om Sal : ; 
Be ee } a Be er a Vin gran wenn Payee as 
) i ‘ t a8 ' ts 
‘ ‘ { i ‘ | ote t 
: . ; ues 
GQ He i iY 2 } vte 
ee _ od oe mete § Oe ene Gree ee: | ae ee eet 
es: — + | - ‘emueeey ~ | eae ie 
om t 4 . A 
i . 0 Pater. : ‘ 
<) } re J } : |. a} 
i ie 4 oe 09 3 o4 


¢ 
| 
4 
5 


Sich 


ome 


__RE 
ee it) 
= 


t 





-~ 42 


Pe 





4. Discussion of Results 

In an experimental investigation, the accuracy ef vine 
results depends on the data obtained and the interpretation 
of that data. It was desired to obtain results from the 
towing tests that -Ouaesabse an investigation of the 
interference resistance that existed between the columns, 
Figures XI and XII graphically display the results obtained, 
Comparison between the figures reveals considerable scatter 
in the data. It appears that the methods used to obtain total 
drag data at the M.I.T. Ship Model Towing Tank were not 
e@ecurate enough to obtain conclusive results. Since figure 
XI shows much less scatter in the computed results than does 
Eigure XII, it will be used to illustrate the trends of the 
interference drag. | 

The scatter of data may be eee oa ees to several 
factors. Even though two dampers were attached to the 
.aynamometer, oscillations may have affected the readings. 
Much care was taken in ensuring a proper fit of the columns 
to the lower hulls, However, the interchanging of the column’ 
shapes could have resulted in a,small improper fit, 
mmevading an increase in drag. In addition, the interference 


drag between the columns and the lower hulls, D., may not be 


ip 
Best a function of thickness as it was taken see oe 2 eels: 
seems highly probable that it may also be a function of 
submergence ratio. The theoretical assumptions used to 
Getermine the other drag components may also differ from the 


experimental resistance measured in the tests providing error 


Paethe computed column interference Grag. 


fey ic 





Figure XI shows a change in slope from increasing 
to decreasing in the resistance curve, occurring between 
Fr = 9.995 and Fr = 1.545. Table V on the following page 
shows that the crest of the generated transverse wave from 
the forward column will pass across the aft colum as the 
velocity is increased between the above values of Froude 
numbers. 

The results for L/L, ratio of 2.0 were not presented 
Pee hnis form shown in fig. XI @nd fig, Xi The results 
Seetesting at an L/L, ratio = 2.0 with column shape B 
are shown in figures V through VIII of Section II-2. 

The interference drag for an L/L, ratio of 2.0 appears to 

be less than the £/L, ratio of 3.0. Possibly ventilation 
effects behind the forward column reduces the pressure on 
the front of the after column at this om spacing. The 
transverse wave crests from the forward column forms aft the 
after columns at the short spacing distance, lialsco, eo 
Froude numbers of column shape B greater than 0.700. 

The separation of drag components of the model in 
figure XIII demonstrates the relative importance o£ the 
various drag components at various speeds. At low speeds 
the highest resistances result from the hull drag and wave 
drag of the columns. At higher speeds, the hull drag, 
though still the largest contributor, decreases in percentage 
of the total drag. The sectional drag of the columns and the 
interference drags become of greater importance, 


The total drag of the mobile colunn stabilized platform 





TABLE V 


CALCULATED DISTANCES FOR WAVE TROUGHS AND CRESTS sone 


Guyanese ee 
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LRANGSVERSE | WAVE C & CREAC SAT [ED E BY A er OU a eae STURBANCE 


CO ee 


Me loc LEy Froude No, Froude No, EE OuUGia Crest 
Gr. sec.) FOG eOlLunms For Couman (occurance behind 
Dee meek _disturbance } 
beos2 O.526 0.421 2.46 in. 7234 in. 
11.60 ine 16.60 ine, 
So 0 On S> O77 6S 1<860eine 23550 sae 
5.690 1.545 L350 20220 sane 61.20 ink 
Note: The distances are determined by use of the formulas: 


2 
pee ay o/s 1/2) 


Where X equals the distance aft of the 


and n 0,2,4 for crests 


i 


n ib, 2, 5 shen: “(2iaroi lena ys! 

The amplitudes of sucessive crests and 
decrease in proportion to the distance 
therefore, only the first waves formed 
in the evaluation, 


eA 


pressure point 


troughs 
from the origin, 
are considered 





is compared to a conventional model of comparable displacement 
and length on fig. XIV. Table VI tabulates their pertinenac 
characteristics, At high speeds, fig. XIV shows a considera. 
drag saving with the mobile column stabilized platform model, 


and a considerable drag penalty at low speeds, This is 


Eypaical of previous stuagies of the type of vehicle: 





TABLE 


Vil 


COMPARISON OF RESISTANCE PERFORMANCE 


Model ae A Ad BN 
mena teh 1 isc) B05 
Diameter (ft.) 
Beam (£t.) sehr 
Z( Lbs.) 167.60 
By (011) 730.0 
Runs 
Column Shape 
Submergence Ratio, h/D 
Velocity (knots) 
Lape 284 
1.144 
Delt alee, 
Z0G2 
3.0 3.280 
Sa561 
See, 4.140 
4,98 VG! 5 e119) 


ea sy ae 


PLATFORM PLATFORM 
3 54 304 
Oss 0.5 

110.98 115213 
Ll eoe0 11 54°50 
91-94 119-122 
8 B 
TAS 320 
Resistance 
~ 000 2855 
1.805 Zoo 
4.480 6 S018. 
8.125 9.180 


PLATFORM 


RS 


LL oso 


lbs. ) 


sf 72 


2,022 


6. 900 


1 Og 250 
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One of the most severe Constraints One ene scorn ag 
stabilized platform is stability. In order to evaluate 
the various colum forms and associated platform dimensions 
it was essential to select a particular configuration and 
set of dimensions for a full scale prototypes, Forethas 
purpose, the general configuration of the model shown in 
figure XVI_-was assumed with a model to prototype scale 
macaQ Of 1:60, Characteristics of this protetype arergiven 
in Table we The platform length and width conforms to 
the outer edges of the columns. The lower deck is completely 
enclosed by the main deck, and one half of the main deck 
is enclosed by deck houses. The main deck housing is at the 
fore and aft ends of the vessel. The total length of the 
columns is the submerged length (which is treated as a 
variable in the stability study) plus a fixed freeboard of 
thirty five feet for clearance of the platform above the 
waterline. 

The prototype has to be a two Graft vessel. It is 
ballasted to the deep draft position for transit in open 
seas and to shallower draft for operations ine reste tered 
waters, 

Stability of the column stabilized platform may vary 
considerably as the draft is changed, Table VII on page 52 
illustrates the stability for the design parameters that | 


were used for sample calculations shown in Section III--4, 
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COMPARESON OF STABILITY WITH CHANGES IN DRAFT 


a ee 


Ceparci or is dali ai ale 
Description Lower hulls Lower hulls Deep sea 
awash just transit 
submerged cond1. Cio 
Wink. FG. Uswe so! 10) 90',"0 
Displacement, tons 4060 G20 Sais 
ne, Lt. 3363 26,0 2.0 
ne, Lt. 10.1 . Di) 24,6 
Bi Lt. 72.4 16,335 395 
GMn, ft. 49.2 OA oS. Deo 


Note ¢ 


All computations were made using the parameters of 
the model for runs 67-70 of the data in Table J of 
Section If-2 with the columns tapered as described 
in Table IX of Section III-3-< ; 

Hull diameter, D = 30 ft. 

imwaweverse Spacing, Db = LOS 2c. 


Max, design submergence ratio,= 2,0 
h/D 


Longitudinal spacing, 7 = LOG ace 

Conditions described in the Table ares: 
I - Vessel with no jJiguid loads and hulls exposed, 
Il ~ Vessel with fuel oi1 and potable water added 
in lower hulls to bring the water surface to the 
point of intersection of the columns with the lower 


milis, 


IiT ~ Vessel with ballast added to increase the 
Graft to maximum design submergence ratio, h/D. 


BS 





ies eee is extremely stable at the low draft with the 
lower hulls awash, The hulls provide a very large waterplane 
area offset from the centerline of the designs The lange 
moment of inertia provides the vessel with stability char- 
acteristics similar to a catamaran vessel with a very high 
metacentric height, When the hulls become submerged, the 
column cross sectional area determines the stability of the 
vessel. The reduction in waterplane area lowers the height 
of metacenter above: the center of buoyancy, BM. For a 
vessel having columns with constant cross sectional area, 
the BM would not change and the center of buoyancy above the 
keel, KB, would increase as ballast is added to the vessel. 


CBS 


Therefore, if the added weight of ballast is low and does 


not raise the center of gravity above the keel, KG, the 
Stability will improve. In this case, Premeea ane of the 
desion is most unfavorable when the intersection of the 
lower hulls and columns is at the water surface. 

One way of providing aaequate stability at the critical 
draft is to increase the column sectional area at one inter- 
Section with the lower hulls. It may then be tapered with 
decreasing cross sectional area up to the normal waterline 
Ber the deep draft position,.,. The cross section of the 
columns may remain constant from the waterplane to the 
platform of continue to be tapered with decreasing cross 
Sectional area up to the platforms This means of tapering 
the column enables stability conditions to be met at all 
drafts and at the same time minimizes added resistance 


and maintains high seakeeping ability. 





To determine stability, prototype weights and their 
associated center of gravity were calculated as described 
in Section III-2,. The increase in column size necessary 
to provide adequate stability at a draft Of -Cni hey eee a 
was then calculated with an attempt ot’ provide at least a 
two ana one half foot metacentric height. Two calculations 
were completed on each configuration. One was accomplished 
with the column tapered with decreasing cross sectional area 
to the waterline, and one with the taper extending up to the 
platform, The cross section of the columns where it met the 
upper platform was fixed to conform to the prototype 
dimensions taken from the model used in the resistance tests, 
The weights of the propulsion, structural, and fuel groups 
(which are functions of column length, colymn spacing, column 
shape, and the resistance associated with each configuration) 
meee Next “Ceteriined, Ik the total calculate@sergnt did 
Bot: exceed the displacement of the lower hulls, various 
sizes of tapered columns, with the same Lo/t ratio, were 
Emamined to produce the combination most suitable for 
Stability. If stability requirements permitted, additional 
payload was added at the main deck level. The summary of 
results is shown in Table JX, Section III-3. Since the 
methods used to determine stability are not diven in any 
Seandard reterenwe,a sample calculation is given in Section 


LII-4, 


oO 





2. Weights 


The characteristics of the design studied in reference 


(9) are compared with the prototype vessel used in this study 


in Table VIII at the end of this sections The weights used 


for the stability and structural studies in Chapters III and 


TV were extracted from reference (9) and are presented in 


standard U.S. Navy weight groups. The following explains. 


the determination of each weight group and its location on 


the vessel, 


EY 


2) 


3) 


Structural weight was estimated by using the 
average of the range of coefficients presented 


in reference (11). 


3 
VOLUME )£t. 
weight of lower hulls = 0,475 ee 
VOLUME /Lts 
weight of columns = 0,36 (VOLUME EL.” 


weight of upper platform = 1/3 (0.275) (vouuun yet.” 
The upper platform is primarily of aluminum 
Gonstxuction, therefere, according sr eseempany 
faverature, the weight GE Gheseuperseruceircucan 

be reduced by approximately one third as conn 

to steel. 

Machinery weight was estimated for a diesel plant 

at 70 pounds/SHP(MAX.), ata hoc espower corsa 
GomeO Knots speed. The machinery spaces are located 
in the lower hulis. Cruising SHP was determined 
from the model resistance data, assuming a cruising 
speed of 20 knots, 

Electrical weight was estimated with the assumption 


that 3000 KW was requireéd for the total electrical 


aS, = , 





4) 


5 ) 


6) 


7) 


8 ) 


9) 


load. 55 Tons is Gistributed uniformly in the 
platform and 1/6 tons tne tne Lowes sous. 
Comunications and controls 72 tone is distrivoatee 
uniformly on the upper levels of the platform. 
Auxiliary system: 

a. 330 tons in the lower hulls 

iS 20 tons distributed uniformly in the platforms 
Oucfit and furnishings. | 220 tons Gicstr ured 
uniformly in the platform. 
Fixed ballast is located in the bottom of the 
lower hulls, 
Variable loads; 

a, Fuel weight was calculated using the ean 
shafthorsepower. The total endurance fuel 
was estimated in PEGE TISS CHAD DDS 9400-1~—C 
Appenagix B with an endurance of 6000 miles, 

b. Stores are located on the lower deck of the 
upper platform and total 45 tons. 

c, Potable water totals 45 tons oceted in che 
lower hulis, 

d, Complement weight is 22 tons distributed 
uniformly over the platform, 

Additional payload: varies with each design as 
Perm etea by the Stabiivey const rarieagandess 


located at the main deck level, 


| Se 





TABLE VIIT 


TABULATED DATA CF SCANP VEHICLES 


Shallow Drazt Conditions: 
Displacement, (tons) 


Draft, (feet) 


Deep Draft Conditions; 
Mieplacement, (tons) 


Draft, (feet) 


Upper Flatform Size 


Column Dimensions: 
Length, Las (feet) 


Width, t, (fect) 


Shape 


Longitudinal Spacing, 


£ (feet) : 


Uneerwater Hull Shape; 
Length, (feet) 
Feam, (feet) 


Submergence Ratio, h/D 


Cont ictimec 10) 
Used in 
Reference (9) 


od 


6000 


U 
7) 
© 


6850 


oS 


120° £U2eeaa One 
x 20 er 


Sie 


Doubly Symmetrica 
Lolli fp wCens ean’ 


Cross Section over 


the entire Vertic 
Length 


[O70 


Series 58 Body of 
Revolution 
eben 8, 


ve 
ZO ; 


won 


Cont tourator 
Using Procouy ee 
to Model 60:1 


Beale Ratio 


Varies 


Varies 


Varies 


Varies 
Varies 
1 Varies 


4. 


ad 


Varies 


liodel shown 
Tinie Galiguae | lL 
2licmo 


S10)F 0) 


Varies 





TABULATED DATA OF SCAMP VEHICLES 


Total Complement 
Endurance Speed, (knots) 
Maximum Speed, (Knots) 
Endurance, (miles) 


Minimum Payicad Weight, 


(tons) 


MW SUSt Oy MEAL AE 


Conia wuratie 
Used in 
Reference ee, 
L182 
20 


30 


6000 


205 


Conti quyraiven 
Using Prototype 
to Model 60:1 
oecale Ratio 
eZ 
20 
30 


6000 


Varies 





~— 


3. Summary of Results 

The following, Table IX, is a summary of stability 
calculations, in all cases, che column cross section at 
the intersection with the platform conformed to the columa 
size tested in the model scale. The table states whether 
or not the configuration meets the stability requirements 
mor a Mctacenuric height oF 2.5 feet at both design dratec, 
The sum of the weights given in Table IX for the shallow 
draft condition in-all cases equals 6520 tons, the dis- 
placement of the scaled up prototype in the shallow draft 
@eondition given in Table VIIIL. 

The increases in the column cross-sectional area 
(with the accompanying increases in structural, fuel, and 
machinery weights) were actually mage for the designs 
tabulated in Table IX up to the point arene the fixed 
shallow draft displacement of 6520 tons was exceeded. It 
was increased in steps of one fourth the original area using 
Bae smocel—prototype ratio of 1:60. dhe column eress seecuenc 
area and taper used in the calculations just prior to the 
point where the displacement was exceeded are presented in 
Table IX. The difference between the calculated weight and 
the displacement was adced as solid ballast to give each 
G@esign a fixed shallow draft Gf Chirty (e6et and displaceten. 
of 6520 tons, This displacement includes all weights less 
mae Variable ballast. 

In the designs that had values of metacentric height 
above the minimum requirement of 2.5 feet for both Araft 


conditions, the feasibility of adding an additional payload 





was investigated. Where if was ACEIECI, 1k Was anciuceqd sim 
the shallow draft displacement of 6520 tons. 

For the designs with unsatisiactery stability te ee 
e0lumn cross sectional areas would pewdesirealle sees sme 
Stability. However, this requivesmineredscd seer salnacna 
hue] and machinery weights Chat wouldw resol ane aeee cs 
value for the shallow draft. 

: ther methods may be employed to meet stability re- 
G@uarements,. Some methods that may be used are to aecrease 
platform size, lower endurance speed, etc. 

The numerals in parentheses in Table IX have the 
following meaninas: 

Numeral (1) Constant column cross section from 

waterline to platform. 

Numeral (2) The column is tapered its entire length 

up to the platform with a decreaSing cross 


sectional area, 
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RESULTS OF STABILITY CALCULATIONS 
Run Wo, (see Table I) 1-4 5-8 9-12 
Column Shape i A A 
Transverse Spacing, 
fect.) Loa oe 90,0 Fes, 
Design Max, Hull 
Submergence, h (ft.) 88.75 88.75 88.75 


Endurance (miles) 6000.0 6000.0 6000,0 


Weight (tons): 


Group 1] WIS F/I =, & £67036 1668.0 
Group 2 TLS2Z40 HRS) oye) 170720 
Fuel ZoZ ie 2491.0 200 00 
Fixed Ballast Zoe® 143.2 4200 


paaictional Payload at 
Main Deck O20, x 0.0 oPas) 
Fixed Weights (Groups 


Eye ,.,0, Stores and 


complement ) LOZORO LOZ ORO 1020.0 
62020 652 0nU 6522026 


Column Dimensions (ft.) 


La (at lower end) 50.0 Sone 56.3 
t (at lower end) 10,0 LOG lee? 
La (DNL for T = h+t30°) Zon) CL) Zo One) Zo le) 
mee (DL for T = h+30' ) 0) ne) 0 





RESULTS OF STABILITY CALCULATIONS 


ee oe 


Run Mo, (from previous 
page ) 

Shallow Draft - 

30 feet (ft.):; 

KG 

KB 


Bi 
1 
CM 


Beep Draft (ft.): 
KG 
KB 
BM 


Gp 


Variable Ballast (to 
submerge to deep craft, 
in tons) 
Platform Area 
2 a 
Mace x LO )- 
Exposed 
Enclosed 


Stability Acceptable 


TABLE 


Size 
ibs yree, 
14.0 


Ss 


Zoo 


Pare © 


~ 2,4 


1840.0 


Aes, 
Zee 


NO 


i aa 


AED 


Salen 
15.0 
1S 


- S.1 


2168 
23.8 
2.50 


- 1.42 


202220 


Sie 
eo 
8.9 


ee AES: 


265-9 
24.3 
lZ/7s 


- 0.82 


2156540 


S55 
Pas O ll 


NO 





Run No. (see Table I) ele 17-20 
Column Shape A | A 
Transverse Spacing, 

met.) S70 90.0 
Design Max, Hull 

Submergence, h (ft.) 60.0 60.0 


Endurance (miles) 6000.0 6000.0 


Weight (tons): 


eroup 1 WoSe8e 1535.6 
Group 2 eerie) 154 O20 
Fuel 237060 2416.2 
Fixed Ballast 80.9 BZ 


Additional Payload at 
Main Deck OFC 0.0 
Fixed Weights (Groups 


Sy, .),0, Stores and 


complement ) 10207, © 1LO2Z6R0 


3) 21.0) 210, 6520.0 


Column Dimensions (ft.): 


Le (at lower end) 66.1 Sono 
t (at lower end) ee LONG 
Lo (DWL for T = h+30') 25.0 (1) 25.0 
me (DL ctor T = h+30! ) a en 6 5 a) 


= ome 


21-24 


LOS a0 


60.0 


6000.0 


1502.4 
1440.0 
2460.0 


IEA 


1020.0 


So20 ae 


Som 





Run No. (from previous 
page ) 

Shallow Draft - 
SOeteet (fin): 

KG 

KB 

Bhi 


A 
GMn 


Deep Draft (ft.)s: 
KG 
KB 


BM 
GM), 


Variable Ballast (to 
Submerge to deep draft, 
fm Cons) 
Platform Area 
2 4, 
fac, X 10 )s 
Exposed 
Enclosed 


Stability Acceptable 


1 Oe. 0 


17--20 


37050 


21-24 


2070. @ 








Run No. (see Table I) 25-28 29--32 33-36 

Column Shape A A A 

Transverse Spacing, 

sy (GRD, 1O"5),(0 2020 75.0 

Design Max, Hull 

Submergence, h (ft. ) 45.0 45.0 a5 a0 

Endurance (miles) 6000.0 6000.0 6000.0 

Weight (tons): 

Group l 1514.2 1573.4 LSSS a0 

Group 2 1410.0 1425.0 1422.0 

Fuel 2480.0 PRESS Ca 19, 238020 

Fixed Ballast Core Loe LOC 

Additional Payload at 

Main Deck Chle 0.0 O.0 

Fixed Weights (Groups 

3,4,5,6, Stores and 

complement ) LOZ0R© 102040 1020.0 
S10) 10. G5) Clea) 6520.0 

Column Dimensions (ft.): 

La (at lower end) 67 a Cie 7025 

t (at lower end) 13.4 one 14.08 

L, (DVL for T = h+30') 36.5 (2) aoe ome 25.0 (1) 

t (DWL for T = ht30!') (eye ae 5-0 


eG bee 





Run No. (from pxrevious 
page ) 

Shaliow Draft ~ 
Sl0meseae Oke 6 t 

KG 

KB 

bh 


Gh 


Deep Draft (ft.)s: 
KG 
KB 


Bi! 
GM 


Variable Ballast (to 
submerge to deep draft, 
in tons) 

Platform Area 


4 
2x oO a 


co. 
Exposed 
Enclosed 


Stability Acceptable 


Zoya) 


2 ial 


oO) 


2a 


1043.0 


=~ G6 


29352 


ge PA 
2055 
Dede 


Ake 


yiZon 


Ad ie) 
Zeo9 


YES 


Zam | 


Seau 


SEES) 


2021 


NO 





Run No, (see Table I) 


Column Shape 


irEawsvense Soacingy 


ome ee!) 


pesigqn Mas Buel 


Submergence, h (ft. ) 


Endurance (miles) 


Weight (tons): 


Group 1 
Group 2 


Fuel 


Fixed Ballast 


Additional Payload at 


Main Deck 


Fixed Weights (Groups 


evo. ,6, Scores and 


complement ) 


Column Dimensions (ft.): 


Le (at lower end) 


t (at lower end) 


fe (DWI. for T = h+30') 


S 


= (DWL for T 


h+30! ) 


See, 


SHS eI) 


6000.0 


US 7 Saree, 
eC O 
21950 


SL Ste 


1020.0 


6S Z0 48 


35d 
B2G3 
Ze Ome) 


CeZ> 


-~ 6/ =~ 


59--62 


9020 


88.75 


6000,0 


ay Sieg © 
1462.0 
2251020 


18350 


LOZO LO 


Go20.0 


39%<.5 
ono 3 
Zon Gls) 


G20 


LOS,A0 


SSiv 


6000.0 


eS (ee 
1307.28 
21975 


SIGs 


1020.0 


6520.0 


3268 
8.83 
23580 (1) 


6£29 





Run No. (from previous 


Shallow Draft - 
30 feet (ft.)s: 
<G 

KB 

BM 


G Ma 


Deep Draft (ft.): 
KG 
KB 
BM 


GMn 


Variable Ballast (to 
submerge to ceep draft, 
am tons.) 

Platform Area 

(st:2x 10°); 

Exposed 

Enclosed 


Stability Acceptable 


23.1 
Lidie.0 
4°85 


- 8,3 


Zieh 
LENSE: 
2.4 


- 1.88 


Le70,0 


a Gore 


59-62 


Sill eal! 
bo. 0 
eh 


- 1,4 


He 7 Oe 0 


63-56 


2D 


Los 


23.9 
PAT jm 20 
pO 


= Of Se 


1870.0 





Run No. (see Table I) 
Column Shape 
Pansverse (Spacing, 


Design Max. Hull 


3 


} 


Oo 


e:) 


Submergence, h (£t.) 


Endurance (miles) 


Weight (tons): 

emoup 1 

Group 2 

Fuel 

mexed Ballast 
Additional Payload at 
Main Deck 

Fixed Weights (Groups 
Hy4,),0, Stores and 


complement ) 


Column Dimensions (ft.)s: 


La (at lower end) 
t (at lower end) 
L. (DAL ome tea too!) 


mee Dwi for T = h+30' ) 


o/-70 


SOO 


6000.0 


1640. 


un 


eos C 
2415.0 


Ze 


1020.0 


C520 % 0 


2270 lg) 


OA 25 


71-74 


Sol 0. 


60,0 


6000.0 


49.5 


12.4 


25-0 (1) 


O22 


600.0 


6000.0. 


50S £5 
159520 
239885 


0.0 


SES 


25.0 


Oe 





oan No. (from previous 
page ) 

Shallow Draft - 
eOareeie (ft. 

G 

KSB 

BM 


GM 
18 


Deep Draft (£ft.): 


KG 


Variable Ballast (to 
submerge to deep draft, 
pi tons ) 

Platform Area. 


ore 10°): 


(ft. 
Exposed 
Enclosed 


Stability Acceptable 


67-70 - 


Z5.0 
24.6 
mS 


Sele) 


1470.0 


es iO ee 


eae 


ND 


Zo. 
1.5.0) 
liGe 2S 


Pee ID 


20a 


BM Vs 


JISC 10) 


75-78 


PA eS: 
1G eae 9, 
sleet, 


= Jeo 


224 


peer Sra! 


1475.0 





Run No, (see Table I) 79-82 

Column Shape c 

PreanocverSe oma cali. 

(es) i e0 

Design Max, Hull 

Submergence, h (f£t.) 45.0 

Endurance (miley) 6000.0 

Weight (tons): 

Group l De ae), 

Group 2 LSs5e3 

Fuel 2440.0 

Bexed Ballast 0.0 

Additional Payload at 

Main Deck 0.0 

Fixed Weights (Groups 

foe .),o, Stores and 

complement) 1020.0 
65200 


Column Dimensions (ft.):z 
Lo (at lower end) 50/50 
t (at lower end) 125 

La fon Dicer T = h+30") ZEA CL) 


eetat DWL for T = ht+30!) Caz 


aes | ne 


205.0 


45,0 


6000.0 


HOS Siac) 
1469.0 
Zale 


Zou 


54.6 


1020.0 


6520.0 


LOS 


45.0 


6000.0 


Soke @ 
15922.6 
2349.0 


0.6 


50.0 
1 25 
88240502) 


Ue5o 





Run No, (from previous 

page) 79-82 
Shallow Draft - 

SO0NEGGr (FE. je 


KG PRP 


CB 15.0 
BM 9.6 
GM, 2.4 


Deep Draft (ft.): 


KG 7S) 
KB 20.6 
BM 24 
CM) 1.45 


Variable Ballast (to 


submerge to deep draft, 


in tons) ns iis ©, 
Platform Area 

(etx 10°): 

Exposed iste. 
Enclosed 264 
Scability Acceptable NO 


iy ok 


Pow AI 
ZPD 
TOO 


SF ke 


L5sOn0 


gnu 31 


Ze) 3 


87-S0 


1580.0 


Zo 
3.08 


YES 





Run No, (see Table TI) 91-94 95-98 99-102 
Column Shape B B B 
Transverse Spacing, 

b (£t.) 75.0 90,0 105.0 
Design Max. Hull 

Submergence, h (£t.) Syain8 25,0 45.0 
Endurance (miles) 6000.0 6000.0 6000.0 


Weight (tons): 


Group 1 74 Oy P6252 159833 
Group 2 Ps 5 20 1433.0 1381.0 
Fuel 2360/0 2197 O 21 220 
Fixed Ballast 14.3 145.8 SER 


Additional Payload at 
fain Deck OU 100.0 425.0 
Fixed Weights (Groups 


3,4,5,6, stores and 


complement) 102020 1020.0 1020.0 
6520.0 6520.0 6520.0 


Colurn Dimensions (ft. ):< 


Lia (at lower end) Siem 0) | 56.0 5a. © 

t (at lower end) 14,0 ASO 14.0 

La Owe for Tf = hr3o' ) 25 Omnele) 41.4. (2) Alera (2) 
Ee(Dwl, for T = ht30' ) 6625 Os 35 ORS 


Ses cae 





Run No. (from previous 


page) | 91~-94 95-08 Sil=107 


KG 24.0 29.2 36.0 
KB ESS0 15,0 1b 0 
BM Lie limo 24.8 
f ae » ‘ 
GM, 2 S86 es 


Deep Draft (ft.): 


KG EP | 26.4 31438 

KB 2109 2085 23.2 

BM | 2.38 8.3 13.3 

GMa | EOL Cel arth 

Variable Ballast (to 

Submerge to deep draft, 

in tons) 1545.0 1548.0 1548.0 

Platform Area 

(ft.2x 10°): 

ExXpDOSeG ee ee 2 2:05 
Enclosed 2.4 Zn 3 3408 
Stability Acceptable NO i YES 





Run No. (see Table 1) 
Column Shapes 
Transverse Spacing, 

Boni tae) 

besion Mamaia 
Submergence, h (f£t.) 


Endurance (miles) 


Weight (tons): 

Group 1 

GLOUpD 2 

Fue 1. 

Fixed Ballast 
Additional Payload at 
Main Deck 

Fixed Weights (Groups 
3,4,5,6, stores and 


complement ) 


Column Dimensions (ft.): 


La (at lower end) 
t (at lower end) 
La (Digecos PF = hrs0') 


MD fon T = bt3s0'} 


LOS. 


600 


6000.0 


USO e 2 
2263-0 


s53 


504-0 


POZO ..0 


6520.0 


301%, 0. 


AZ oS 


35.6 (2) 


= Pag a8 


107-110 


B 


SO} RS 


60,0 


6000,0 


1628-46 
Pe0s..0 
2370.0 


0,4 


1020,0 


Se FAG 18. 


Lili 


60.0 


6000.0 


156eea 
1497.0 
2415.0 


1 a 





Run No, (from previous 


page ) 


Deep Draft (ft.): 
KG 
KB 
PM 


GMa 


Variable Ballast (to 
Submerge to deep draft, 
Ae tons) 

Platform Area 


A 
ey 10 jz 


(hes 
Exposed 
Enclosed 


Stability Acceptable 


103--L06 — 


Ose re 


porn, 


EGS 


Se 


LO7—1L10 


eS 0, 


HAT nes, 


Ze Se 


A ade. 


= N) 
e 
16) 
GY 


8 
1 
OY 





Run No, (see Table 1) 
Column Shape 
TLAaAnSvVerse Spacing, 

Ty (OSC gy) 

Design Wes. Huil 
Submergence, h (ft, ) 


Enaurence (miles) 


Weight (tons): 
Group 1 


Seoup 2 


Fuel 

Fixed Ballast 
Additional Payload at 
Main Deck 

Fixed Weights (Groups 
3,4,5,6, stores and 


complement ) 


Column Dimensions (ft. 


Lia (at lower end) 


t (at lower end) 


Le (ooo fer TF = h+30') 


PeeONL for T = ht30! ) 


LL6-LLS 


Ste ey eS) 


6000.0 


£o0s,. 9 


U2 ag) 


222500 


LGOw!! 


LOZOno 


6o2Z0 0 


43.4 


10,85 


P)srmk 


Biag? D 


rau a ae 


bh 
ae) 


L20-1 


_ 


O 
D, 
® 

© 


88.75 


6000.0 


1624.2 


1288.0 


22 lore) 


Less 


1020.0 


6520.50 


43.4 
1O0'S5 
Zoe, (i) 


SA 


= 
NI 
oS 
f 
tnead 
Nw) 
~~! 


So a7 


6000.0 


Ome, 


1020.0 


652040 


5620 
14.0 
Zon Ci) 


Ga22 





Run No. (from previous 
page ) 

Shallow Drarkt - 

30 feet (£t.): 

KG 

KB 

Bri 


Gi 
ah 


Deep Draft (ft.): 
KG 
KB 
BM 


GM_ 
i 


Variable Ballast (to 
submerge to deep draft, 
in tons) 

Platform Area 


A. 
ey 10 )e 


ce. 
Exposed 
Enclosed 


SBeability Acceptable 


116-119 


Zo 


NO 


van 


L20-123 


20200 


124-127 


Dee 
15.0 
24,3 


0,7 


S0COrd 





4. Sample Calculation 
The following sample calculation demonstrates the 
method emvloyed to calculate stability using run number 


67-70 of the date presented in Table I of section JI-2. 


€olumn C 

Transverse spacing, b = 105 feet 

Submergence of top of hulls, h = 60 feet 

= IMs 2493): icine fOr Sate worer at Soedeqrecce F. 

O= 0.938 x 10°” for fresh water at 79 degrees F. 

In the following claculations subscript m refers to the 
model and subscript s refers to the prototype ship. 


To determine SHPs: 
_ 20 x 1.689 
eras 


V 


“< 
S 


< 


= Vn 60 = 2733. £t./9cee. 


From resistance tests uSing overall surface area to 


metermine Cy, coefficient of drag for the models: 


€ = ,006604 


Dra 
Serum el g 
Re. = VLA = 398% 107D = 596 x 10 
“tS x 3604 ‘ 6 








tf 


Ul 
ed 
t 
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yi 
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© 


Re, = VL/) 0.938 x 10-5 


8 2 

Cog = .075/{1og,, (5.6 x 10 )- 21° = .00136 
| A 2 

Cem = -075/[log,, (1.64 x 10°) ~- 21” = .00422 


With added roughness coefficient of .d004 


Ce. = ,00135 + .0004 = ,00176 
C Cree aie) OO) am ed Zea. 002d Oe 





Dat) Be 


PpeCo 


Sve 


Ore 


Crux 


wo 
_-> 








rm 
== j _ = AAQA =e. 
Crs a rae ~002404 =, 001/76 
= 004164 7 
3 
Ac. ateearee ae Se. ce 
= CBee Oe 5) where SS. = 7S eiCsces 
So0 = AN | 
© 
of 00E1 64 (1es27 2.0) (a Se 
7 550 


=a ole OUT 


= 0,74 
BHP eae Ee 
a. a Fe SM ote. 
from Appendage resistance = 6% (SHP) = 1020 hp 


Sing SHP = 18070 hp. 


Maximum SHP = 50600 hp 


Summary o£ weights (see section LII-2): 


4. 
Moment X 10 (ft--tons) 


Weight (tons) KG) (aes) 
Group 1 
Hulls OS a0) ips ne Ge 
. Columns 174.0 Uae ihe S55 
Platforms OAPs 2 ress, yi oe 8.02 
Group 2 L2/0¢0 12.0 eyo 
Group 3S 176.0 1520 0,264 
Doe 3 Ze0 0.726 
Group 4 72,0 14070 Leos 
Group 5 22020 Ls20 Ze7 
Group 6 oye © Se) Ong 2a 
Pre! IL Al6, On ee 
3666.5 12% 668 
Fuel ore. 0 L320 DDALOS 


- 80 
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Summaxy of Weights (continued) 


Weiont (tons) Kees) Moment % 10 (#6) =xzome 
Stores 45.0 dys Oe O25 oe) 
Potable Water como soe G: 0.068 
Complenesnt wee 132,0 Oe 
S25 G.00 Poeoy Ss 


Additional weight allowed; 6520 tons ( at 30 foot draft) 
~-5388.5 
Lisl. seers 


Assume weight is solid ballast: 





WGT (tong) KG Give) Moment (Ft, =tone Soneae 
Solid Ballast wee Sa 5 0,344 
53SEC BO eS 
6520,0 Se On 


y 
eee 1 >o.O fe. 4(column area) = 492 Ft 


aistance to center of column from center axis, y = 52.5 Ete? 
required BM = KG - KB = 2.5 = 12.1 £t, 

PM = I/g = Any hy = 5. 95 eee 

Area of the columns at the intersection with the hulis 
must be greater than 2.0 K area of the column using an 
assumed model to prototype ratio of 1:60. The area at 

the column base was increased 3.0 X original area, The 
column is tapered to the desiaqn waterline which is 90 feet 


from the keel. 7 
LOWER DECK 


L¢= 





DW L er eS 1? e 
oe oe Side View 


Lowe R MUEt 
ee Yao 29 


oa 





Chanye of weights 








WGT. (tons) KG Moment (fis ton iG 

Column ars Gala, lets 
Machinery oo Leeann 8, 0.468 
Fuel. +490 ewe OSCes 
Solid Ballast -1120 Bie, -0.,336 

O Faas ag 8. 
Previous weights; 

6520 L620 

6220 VeuZes 
Pee 20,0. Thy 
hMee= 15.0 £t.. 
mr = 16.35 ft. 


et = KG = 15.0 416035 =— 2esG0- oto ee 


mo check at DAL: 


KG s 


Re - 25.0 £t. 


KBs 


ie = 2456 ct, 
BM = 5.95 £t. 
GMa = KB + BM -— KG 


wWGT (tons) Keira.) 


Moment (€t-POnS Se 


Pallast Added 


1895 
6520 


8415 


Displaced WGT, (tons) 


1460 


43 


wm 


O 


‘Com 


652 





co 
iN 


Al 


Lint = Sie Oe 


BeOS ae 


LS 


KB 
60 


50 


a 
2 
Moment (ft-tons X10 ) 


Sy met ioe eo 


2.84 


Ze or, 


0.576 
apy 


O. 
0598 





sre 8H a. 





Further increases in column Cross sectional area to increase 


the metacentric height results in excess added weight to 


the vessel, 








5. Discussion of Results 
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The study of stability summarized ii wabl eae. 
indicates that in all cases the columns must have a larger 
cross sectional area throughout their length below the 
waterline than the columns assumed in the resistance tests. 
In the cases where additional weight is added to the main 
deck, columns could have met stability requirements with a 
smaller cross sectional area had the weight been added at a 
lower height ahove -the keel in the Gesign. For example, an 
additional liquid load could have been added in the lower 
Ills, iL space permitted, with less of a penalty on stabiliiy. 
Tapering of the colunns with a decreasing cross sectional 
area upward from the intersection of the columns with tne 
fewer nulls, svall still enable them to meet the stabilicy 
requirements and provide a minimum increase in resistance. 
As demonstrated in Table IX, in all cases studied, increasing 
Bereecrart Cecreased the vertical Gastance bekweensene cel a 


of buoyancy and the metacenter as a result of the smaller 


waterplane area, freretere,—colusn—echees—maw 16-denseeeel 
$0—eo GO-—-ho_ can toxn—et he opener Ei cin 62dee-t-o- 
POVILLA —3— poi in mebasent ele heteht,1fi67—the—ndcitiernst 

pa obs Le a BORK ALLO 
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The transverse spacing should be as large as possible 


for the cptimum stability. Increasing the transverse spacing 
beyond the longitudinal spacing of the column shifts the most 
Srltical stability to tne longitudinal dicectionsa, From a 


stability and structural weight point of view, but not 


-——S— ‘ 





necessarily from a resistance point of view, the submergence 
ratio, h/D, required should be low to permit shorter columns 


and lower center of gravity of the platform weights relative 


es 


to the center of buoyancy. 

In Table IX, all configurations using @ maximum Gesign 
submergence ratio, n/D, of 3.0 failed to meet the stability 
requirement that the maetacentric height of two and one 
half feet be maintained at the two design drafts. Therefore, 
a lower design maximum submergerce ratio is desired to 
provide satisfactory stability for the design parameters of 
mass study. 

Though Foe the largest waterplane area, the 


Length/thickness ratio 


cr 


column shapes with the smalles 
are not necessarily the most favorable for the design, The 
advantage of increased stability from the larger waterplane 
area is diminished as a result of added structural weight 
and added resistance. On the other hand, the slender 
columns, with very high values of length/thickness, require 
a substantial increase in the cross sectional area to meet 
the stability requirements. This again increases structural 
weight and resistance, The design problem becomes one of 


tradeorfis to obtain optimum column size and shape. 


€ 
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iL. Procedure 


yA tg teem ~ ee 


Bach configuration that maintained a positive GM in 
Section IIlI-2 for tne loeds assumed and cnodurance  Geuieee 
were used in the following structural study. Bach set of 


ee! 


to by the run numbers from data 


+ 
Y 


parameters 315. 7OLemwe 
xtracted from the mogel tests and Macted in Sects ons a. 
The purpose of this study is to determine the following: 
1) The accuracy of the coefficients used for the 
column structural weights in Section ILI-2, 
2) A comparison of structural requirements in the 
columns 
3) Additional bracing that may be required in the 
prototype vessel, 
The use of the standard methods for determining hogging 
and sagging moments for a standard displacement vessel has little 


meaning for this design. The change in bending moments on 


the structures, resulting from a standard wave whose wave- 


length’ is equal to the ship's Jength and heignt equal to 


tw 


L/20, is insignificant. The small waterplane area causes 
only a slight change of the buoyancy curve, It was therefore 


necessary to determine the most detrimental condition of 


loading for this vessel. 


A summary of the ‘loads pertinent to column design is; 
1) Weights 

2) Buoyant forces 

3) Hydrostatic pressure 

4} Wind force 


5) Sea wave drag forces due to orbital wave vibration 





Lorces due.to orprtal  yvage 


Ie 


6) Sea wave inerti 


acceleration 


The most critical condition of loading Was Mounts oa 


beam seas, with the inertia forces heing dominant. The 


horizontal force can be written as: 
f= a) N\/ aac = (eal) 
Li M 
mere C.. = dimensionless inertia co oerficient 


3 


e “™" ¢ 


Ni 
P= density, Lbs./ft. 
V= volumetric displacement, ft. 


i 


and u horizontal comoonent of the water particle 
velocity, f£t./sec, 

From two dimensional potential theory the horizonta 
acceleration is; 


ne Z 2 
(du/dat ) 5 0 exp|-(o y)/g| cos (t~ oO x/g) (4.2) 


Wihoue i, = wave heitgnc, ft. 
: O = 2Tg/n 


y = vertical distance From mean waterline, ft. 


| 


t time, sec. 


x = horizontal distance from the wave crest, ft, 


Hl 


' Z 
and ¢ = 32.2'¥t./sec. 
By substitution, equation (4,1) becomes: 


H 2 y 2 
Or e V > G jeep (ey )/g cos (a@t- Ce (4,3) 


« 


This force is maximwn when the phase angle is equal to 
90 degrees or wnen the wave is one quarter the wave length 


e 


away from maximum height, Thus, tne most critical wave has 


de 


Se owavelengen equal to transverse spacang between the collumic 





multiplied by four. The forces are exerted on the columns 


as shown below: 





M 


For the lower hulls the depth of water at which the wave force 


Lt. was assumed that C.. = 12.5 (11) for all eatcut 1. 7 


was acting was assumed to be at the mid point of Cheyne 
and for the columns, the forces were integrated over the 

length of the columns, | 
eto che hulls 
2a =p cy V3 

2) For the column: 


Fr = 0 Cy (3) 0? Pvew(- o“y/g)] dy (4.5) 
0 


2 exp(~ Oy/g) (4.4) 


If 


let Ay = Area at y 0 


i 


y (raax. ) 


i 


: and Ax Area at y 


the formula becomes: 
mE eer fA2QrAL v\ { | 
r = ec, (5) of [Aa aterrecan ) exp(- Fy/g)} dy 


Cor ory” A, exp(- oy/e)| dy + 
0 


fi (C22 Vy [ext o%y/a)) av 


oO 


i] 
t 


1a: 


i 


The second integration was done by parts, 

Table X lists a summary of significant wave heights and 
wave lengths used for the calculations. A summary of forces 
is listed in Table XI for the lower hulls and in Table XI 


for the columns. With these forces, bending moments on the 
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column structure way be determined, 
Transverse bracing extends from the plattoym to the 
column at the waterline, Without this hiacing tie pe 


of structural integrity becomes extremely Girricult. Ths 


ee 


4 - 


lating was distributed below the waterline ihn accordance 
J 


with the following diagrams 


—— 3/4 inch plate 
outer plate 
varied to meet 
SE ERUCEM cr 


el | a requirements, 


x LNA  Seerren 
scantlings 


25-61 V7 beams 
each side. 
outer section 
along y~-y axis 
scantlings 
15-18I 70 Leams 
each side, 

Tne scantlings in the center section are smaller to allow 

enough clearance for passage through the column, The unper 

section of the column, above the intersection with bracing, 


1S as follows: 


Pi MeHlatec ike eer 1 








The column was ascumed to be rigidly fimed at the point 
where it is braced and act @s 2 Cantilever Beam tron. 
Ps | 


point down, Therefore, the maximum bending moment occurs 


at the waterlins. Maximum bending stress is calculated by 


oe 
the relationship: 0, == where c equals the distance from 
ee 


the axis to the outermost edge of the beams. Compressive 
stresses were calculated by the relationship: 0 .=P/A 
where P equals the total weights and buoyant forces acting on 
the column, and A equals cross sectional area of the strength 
members of the column. The plating material assumed was miid 
steel with the following properties: 

yield stress = 33,000 psi 

Young's Modulus = 29 X TON psi 

density = 490 Wega fee 

The support beams are American Standard I-Beam sections. 
Outer plating was added to the column for a longitudinal 
distance of 100 inches in order to meet all of the following 


2 


Beguiremencss 


{oH OF 
1) 1s Call. a Oe 


Gaile = VER@hO@Mest for a faccor oc safety ot Wire 
Dy Huler’=s tormula to determine reduction in 0 oreten 


long columns: 


a 
Evite 
Hex = 777 fh)? 


3) Compressive buckling: 


2 eC 
ee et ae S Pe SS yee = 
Orc: = orien) (-& ) pace 72 Ow rex c ( / ) °e 


4) Bending buckling: 


Urea (Ge OS outa. Gey Age page 37 of “mek, (/)2 





A sunmary o£ the outer plotting mecegea sens. 
structural weights of the columns are presented in Table 
> RAB ae 


ato determine che 


> 


Cylindrical shell test data was use 
structural requirements of the lower hulls, Data was 
collected by Windenburg and Tulling (15), and plotted in 
terms of ¥Y andh,, The ¥ value OF Unity seen desireable: 
and the corresponding value cf A is taken around 0.78 and 
O.80, The pressure hull was Gesignea for a pressure head 
fee ten reet Olethe upper platform submerged, plus a safety 
factor of 1.5. With the above values of Yandh, ths 
thickness of the pressure hull and the distance between 
sticfening rings may be determined. The distance between 
Searcrening rinos is reduced by a factor of 1.2 for the curved 


ends. The stiffening ring to be used was calculated as 


i—] 


Smelinea in ret. (3). he miscellaneous weights were 
calculated by using the U.S.S. Sea Lion (SS 315) as.a 
parent, ship. The ratio of now ship/parent Ship was determined 


by the volume ratio. A summary of the hull weight calculations 


for each draft is presented in Vable XIV, 





2. Summary of Results 
Table X of this section gives the assumed conditions 
to determine the critical loadings on the column stabilized 
platform. The structure Vwolgqne etwas Ono 77 
varies from 870.16 tons for a prototype vessel with maximum 
Submexrgence ratio of: 1.5, to 1045.16 tons for a pre Gt. 
vessel with h/d-= 3.0. As the design submergence ratio is 


increased the coluin length is increased, since the height 


or the platform above the waterline remains constant for 


mots AeCsiqn. The weights of the structural components in 


bate 


the columns increased with an increase in transverse spacing 
and increuse in submergence ratios. The change in column 
weight was an average increase of only five to fifteen per. 


cent in increasing submergence ratio from 1.5 to 2.0, The 


zgncrease Erom 2,0 to 3,0 was eighty one per cent, Bracing 


was required in the transverse plane to the design waterline 
of the vessel. Tables XI through XIV present the results of 


6 
~ 


the sttcuctural study. 





TABLE XK 


CRITICAL WAVE CONDITIONS FOR VARIOUS TRANSVERSE SPACINGS 


SiGmit teams 
Minatsbetch(enmets Wave Length Wave Height 
reac 1a ae) (fr-) He (ft. ) Period (sec, ) 


75 








WAVE INERTIA FORCES ON LOVER HULLS 


Transverse Spacing 





pis 
Hull Submergence 





Runs (see Table I) : Force 


Is 


WAVES I 


IERTIA_FORCHES ON BACH COLUMN 
RE ER ee ER re oe ppp So Cha pb 


(lbs. ¥ 10°) 


— wee 
et . 
meron ane ae eres As kama 


67--70 436 


UN 389 


99-102 | 526 
103-106 eer 
107-130 ae 
1p ie eos I AG 


L24-127 542 


= cee 





TABLE ALISL 


STRUCTURAL WELGAVGs Oe COLIN 
Oe ee ee 


an aed 














Run (see Table I) 13-16 17-20 21-24 25-28 29-32 67-70 
Column Shape A B A A A c 
Transverse Spacing, b 1S 90 ie 1GiS S19: BOS 
pubmerged x.ar1o, HD RO | Die ZO iS) ees) oo 
Size of Cuter Plate Dik a 4" 44 Ze oe 
Weight (tons): 

Outer Plate Wor, lige Loos Ost. 1 3e0 70.5 laa 
3/4" Plate Die Die ee in 20.9 3GRe 
Scantlinas 84.0 84,0 84.0 61.4 61.4 84790 
aoe Section Cano Ceeoulecei> ceca 28.6 30m 
Fairing ‘PAGS. 25.4 59.5 (ee 3 Om OF ors 
Total 250 ee Aol ewSs ICR Uae Cow 220.6 2320 
Run (sde Table I) 71-74 79-82 83-85 87~90 91-94 95--98 
Column Shape . e ¢ G ae B B 
Transverse Spacing, b SO 165 °0 Oho) TS 90 
Submerged ratio, h/D 270 2.5 1 a5 i 5 gd 1 
Size of Outer Plate 2. 2M 2 oe 2" 28 
Weight (tons): | 

Outer Plate Low) 42.4 55,4 1100 DO *LNZ (Ons 
py 4! Plate 300 Zeno Js La OE A NY 2 det 
Scantlings 84.0 61.4 61.4 6134 61.4 61.4 
Upper Section 10s c45 2054 30,4 30,4 283.8 VAS a 
Fairing ° 2225 _20.8 41.1) 39.3 62.6 _56,9 
Total 271.9 177.5 210.8 264.4 237.8 246.8 





Run (see Table 1) 99-102 103-106 
Column Shape B ae 
Transverse Spacing,}> 105 LOS 
Submerged ratio,h/D 1.5 20) 
Sive of Outer Plate San | rie Oy 
Weights (tons): 

Cuter Piate ; SST eS: erin) 
3/4" Plate Zoe, 28,9 
Scantlings 61.4 84.0 
oper Section 28.9 25=9 
aw FInGg 64.3 34.8 
ieberse 274.6 347.6 


~O7- , 


LO 7- 
B 
90 
Zhao 


So" 


elles 








504,5 





TABLIs 


STRUCTURAL WEI 


CGH Te 


ere ee ee a em SR Ney NR otter een ine 


Miscellaneous Weights for 
Tanks Comoe 
Bulkneads Loa 
Main Deck 28.20 
Upper Decks 47.50 
HulLteeance S0,00 
Doors, Hatches 24,20 
Total 3 SSO 5 
ney Hull Structures: 
Normal Dewtt (ft, ) 45 
Plaving Thickness Cae > if Wee 
Frame Spacing (in.) 1s 
Stiffener Ring ST 18.4 
Hull Weight (tons) 130 
stiffener Weight (tons) 3 5G 
Misc. Weicht (tons) 162,68 
Total, One Hull (tons) A35e06 
Toca. Two Hulls (tons) 870,16 





! 
LO 
Co 


ys 


baad 


fARY OF 


ee 


Two Hulls 





LOWER 


(Tons )¢ 


LOL 2h 


Loo 


Pa 


169,48 


AT4 48 


048, 96 


RUS 


Ra a I a REE I I 


JZeeas 








3. Discussion of Resulics 

The Lower hull weights decrease considerably with a 
decrease in the design maximum submergence ratio, h/D. 
This is demonstrated in Teble XIV and is a result Gf theweac | 
pressure head on the cxtarior of the hulis Gehem veqi1 see 
operate at a aeeper ceoth. Vhe column weignes are noe 
severely effected by the submergence ratios Erom 1.2 to 2.0, 


as shown in 


a runs 17-20 of 


parameters 


exception that the h/D is decre 


the column weight is reduced to only 220.6 tons. 


decreasing from 
Werohnt is much g 


123-126 with runs 
the exception of 
mao o,0 to 2,0. 


Bai o6 tons. 


In comparing colum shapes, 


Table 


Xifis For example, the ratio equalyton7.. 
Table XIII is 278.3 tons, The same 


and column shape 


b7 Desc, 


were used an-run 29-22 99m. 


Sere COO i gee) Ulam ie 


When 


to 2.0, the erirecc on column 


reater, Por exampie, in comparing runs 

S 103-106, the parameters are the same with 

varying the maximum design submergence ratio 
The weight is decneseaa EE. DOC. See 


the parameters of the 


rea a a 7 
Leece 


prototype vessel used eacth= 45 te and transverse spacing, 
ey 70 foeer., This contorms to nuns 29-32 for colimay ave as 
runs 83-86 for column shape C, and runs 95-90 for column 
Shape B. The resuiting weights ares 

Column A - 220,6 tons 

Column C - 210.8 

Govunn .» = 235574 
Piehoigni- Colum C Slane iS UhS most favorable Tom iis cocuwecom 
Enere 2S Very little cdixfterence an The weichts of the thrae 

° 

snapes comoared, 


OQ 
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The coefficients used in the stability study to 


‘ 


stimate the column structural weight are low. For example, 
Erom Section ITli-2 the total weigqne Gl Che veelunnes ez 
runs 13-16 was estimeted to be 522 tons, while Table MMIII 


shows the total s<columm vVeicht of sbiewtorr cColoumicecen.. 


—_ 


equal Go LO?agS. tons.) Lherer Corey ene sCOCE Cette aa 


e o 


estimate the structural weight of circular colunnSgy i ace 
give an accurate estimate of the structural weight of the 

slender columns. The relatively thin colurnns with smaller 
moments Of inextia require very ee plating thicknesses. 


Therefore, thicker columns, with smaller plating, are 


desireable to meet structural integrity. 


s af 


The greatest effect on the structural weight of the 


Columns is the amount or transverse bracing use 


= | 


Q2 


© By 


eacding bracing, the weight of the columns is reduced 


consicerably. 





oe CON CLUS Eee 


The resistence datw of this report incicates there 
ig a significant interference resistance between the columiey 
Although the results were not conciusive, some observations 
cha be made from the data obtained. 

The transverse spacing and depth of column submergence 


have very little effect on the value of the interference 


drag. A strong inEluence of longitudinal spacing and 


a 


velocity on the interference resistance does exist 


© 


AKithough Further confirmation is “neede 1d j;- the positvenses. 
the traifsverse wave generated by the forward column relative 


to the after column appears to be instrumental in determining 
column interference resistance of the model, 

FOr eShipeewith Pov speeamnenus cement Sere desicnc. 
the lower hulls and the thickness of the columns are alsa 
critical in determining the total resistance, For higher 
speed ships the longitudinal spacing of the columns becomes 
more impoxtant in the design, In either case, the 
Submergence ratio of the lower hulls is important. At low 
meecUS it will determine the wavesauag cE thes lower hulls, 
and at greater speeds the section drag of the columns is 
linearly proportional to the submergence ratio, 


In comparison with a standard displacement ship, 


the new design has unfavorable resistance valu ait Slow 
speeas. However, at high speed, this design has possibilities 
of attaining lower resistance, 

Columas with a slender thickness/chord ratio intended 


CO Minimize resistance will require a larger cross section 


Pens os eee 


4 





area where it joins the lover hull £o provide adequ. se. 
stability. The columns may, hovever, be tapered up to the 
waterline to minimize resistance. ‘This will reduce tne 
amount of aaditional structural Weight, ana enouldeeciawe. 
reduce ship motion in waves, if added platiorm anea vs 
desired in the design, it should be added in the direc 
of smallest distance between the columa centers, with the 
columns placed at the platform eddes., This will increase the 
meaqni lity Of the moo critical congition, “whecher me ina 
transverse or longitudinal eee The reason for the 
Mageg Scability 16 the increase in the moment ec inerera 

of the waterplane area achieved by increasing the distance of 
the center of the wacerplane area From the central amis. A 
design often is limited by other considerations, however, 


oS) 


such as channel width and loading and unloading facilitie: 


A 


‘ 


te) 


TE stability : 


vy 


untavorable, it may also be improved 
by reducing the submergence ratio required for the full 
Mead COnGailion., 

As far as standard conditions are concerned, the most 
critical condition is when the vessel is exveriencing bean 
seas with waves having wavelengths eaqual to four times the 
transverse distance cetween the column centers. The most 
SeeCCeive way CO reduce Sceructural weigne 1s. to ade bracizg 
in the transverse Girection, By Lowering the point of 


% 


macerseecion Of the bracing math the column, the column 


weight can be reduced, However, lowering it below the normal 
waterline will increase resistance, 





ch 
Gr 
pe! 
ro) 
O 


By reducing the maximum submergence ratio o: 
design in the full lesa concition, the lower hull structural 
weight is reduced because of the lower pressure head. The 
change in column weight with submergence satio does not 
Cause as large a change in the total structural geeaghy as 
the change in lower hull stxuctural weicqht, While the 


reduced length of the column reduces the weight of each 


structural member, larger plating scantlings are needed due 


ny 
() 


moO the increased wave inertia forces on t lower hulls. 


Increasing the sectional area of the column will reduce the 
scantiings of the plating required, 


In summary, it is felt that the mobile column stabilized 


? 


platform design definitely has possible maxrit in the field 


naval architecture, However, the problems of the design 


) 


are manifold and various studies need to be carried out to 


overcome them, 





VIg RECOMMEND ELONS 


wad 
0 ema te : > a wa eae 


"oo obtain conclusive, resules on cNe eter re ee ee 


resistance, further studies are needed, It is recommended 


that resistance tests of columns attached to an end plate Je 


7) 
1? 


conducted in fur@ner stcucdies. There is @atasgval lablewen 


Single strut and plate configurations, and a comparicon soe 


this data with tests using more Chan one Sctruclaceeen am. 

a plate is desireable to cetermine imcerference Gxda le. 
comparison with the results of this paper can then be made, 
Since the column peeuetanes without bracing are 
ahodequate, d resistance study on various bracing configura 


tions that pierce the surface of the water should be carried 


( 


Sei PoaCing Vac NOG Included 3n Chea resistance Costs even 
enough at large values of transverse Spacing, bracing woulda 
Ibe required. 

A study of the added resistance on the vessel while 


meransicingd in waves shoula be studied, It ls expected that 


-/ 


this will result in a very favorable characteristic for this 


uw 


design, when compared with a standard displacement vessel, 


The effect of tapering of the columns on the resistance 


characteristics must be investigated, This paper only shows 


iets eSceO, COSCS Ceonguceod WiC, En seOlunns Nava ee 
@enstaie Cross sec 
Tne many txraceoffs of this design make it a likely 


Cancidate sor Computer programming, Such programming shoul 


be carried out after appropriate input data has been develoned, 
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